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The invention relates to a method of encoding user data into code words of an 
error correcting code (ECC), to a corresponding method of decoding code words of an error 
correcting code into user data, to corresponding devices for encoding or decoding, to an 
information carrier and to a computer program product. 
5 Information carriers like rewritable optical discs, such as a CD-RW, a 

DVD+RW or a DVR information carrier, contain different kinds of data. For example, a 
rewritable optical record carrier comprises written user data like video or audio information 
in the phase change material and address information, for example specifying the position of 
the user data in each field, the track number, the frame number, the field number or the line 

1 0 number, in the wobble channel. To protect this information parities are added to the 

information in such a way that errors during read out can be corrected. A well-known method 
to calculate and correct data with parities are error correcting codes, particularly Reed 
Solomon Codes (RS codes). 

In a reading device for reading information from an information carrier 

15 particularly the costs for the hardware of the decoder, i.e. the error correcting unit, are high. 
When due to careful design of the error correcting code used for storing data on the 
information carrier, however, it will be possible to use the same decoder for more than one 
type of data so that hardware costs for different types of decoders in one reading device can 
be saved. However, different types of data almost always imply different types of constraints 

20 such as block length and parity length of the decoder which issues have to be solved. 



The issue of different block length is already addressed in WO 01/04895 Al. 
Therein a device for reading an infonnation carrier carrying an identification information and 
25 user information is disclosed. The identification information is arranged so as to be spread 
over the information carrier. Organization means are provided for organizing the infonnation 
in such a way that both the identification information and the user information can be 
processed by the error correction means. 
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It is aii object of the present invention to provide methods of encoding and 
decoding as well as corresponding devices which enable the use of the same decoder for 
different types of data, particularly error correcting codes having different numbers of 
5 parities. 

This object is achieved according to the present invention by a method of 
encoding as claimed in claim 1, comprising the steps of: 

- generating a first block of a fixed first number of data symbols by taking a fixed second 
number, being smaller than said first number, of user data symbols, and a fixed third number 

10 of dummy data symbols, and by arranging said user data symbols and said dummy data 
symbols in a predetermined order, 

- encoding said first block of data symbols using an ECC encoder to obtain a codeword 
having a fixed number of symbols, said codeword comprising said first block of data symbols 
and a second block of a fixed forth number of parity symbols, and 

1 5 - generating a codevector by selecting a fifth predetermined number of user data symbols and 
a sixth predetermined number of parity symbols from said codeword, the sum of said fifth 
and sixth number being predetermined and smaller than the sum of said second and forth 
number. 

A corresponding method of decoding codevectors according to the present 
20 invention is claimed in claim 2, comprising the steps of: 

- generating a codeword comprising said fixed third number of dummy data symbols, a 
codevector and a seventh number of filling symbols, arranged in a predetermined order, the 
sum of said third, fifth, sixth and seventh number being equal to said the sum of said first and 
forth number, 

25 - decoding said codeword using an ECC decoder to obtain said user data symbols embedded 
in said codevector. 

The present invention is based inter alia on the idea to define a first block 
having a fixed block length, to fill in user data to be encoded in one portion and to fill up the 
remaining portion with dummy data symbols. The block length is chosen such that it is 

30 consistent with the block length expected by an ECC encoder already present and used for 
encoding other data. After encoding of said block, however, not the complete obtained 
codeword is used as codevector and, e.g. stored on an information carrier or transmitted over 
a network, but only a certain part thereof, particularly a predetermined number of user data 
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symbols and parity symbols included in said codeword in order to save storage and/or to 
comply with given storage requirements. 

Correspondingly, during decoding the same codeword is formed, filled in with 
the received codevector, the same dummy data symbols and, in remaining empty portions, 
5 with filling symbols. Said filling is controlled such that the order of the symbols is the same 
as in the codeword obtained during encoding. Thus, an ECC decoder already present and 
used for decoding codevectors of other codes can be used for decoding said codevectors to 
obtain the user data embedded in said codevectors. This simplifies devices for recording 
and/or reading of information carriers storing different types of data because, generally, only 
10 one type of error correcting means has to be included reducing the production costs of such 
devices. 

It should be noted that it is not relevant for the invention which user data 
symbols and which parity symbols of a codeword are taken and used as a codevector. 
Further, the position of the dummy data symbols and the user data symbols in a codeword are 

15 arbitrary; the only requirement is that the positions of the dummy data symbols and the user 
data symbols are known and that the values of the dummy data symbols are known. 

Preferred embodiments of the invention are defined in the dependent claims. 
In accordance with a preferred aspect of the invention an erasure flag is used indicating to the 
decoder that the codeword contains filling symbols to be corrected by said ECC decoder, in 

20 particular indicating the position and/or the number of filling symbols in said codeword to 
said ECC decoder. This has the advantage that the number of parities necessary to correct 
errors by an ECC decoder can be reduced, if the decoder already knows that there are errors 
and in which positions these errors are. E.g., when the decoder already knows that the 
codeword comprises 16 errors, i.e. comprises 16 filling symbols marked as erasures by 

25 erasure flags, only 16 parities are required to correct these errors, leaving 16 parities for 

correcting additional errors in the written codevector. Without such erasure flags, 32 parities 
would be necessary to correct 16 errors. 

The method according to the invention is preferably used for encoding or 
decoding, respectively, user data to be recorded on an optical record carrier, particularly a 

30 CD, a CD-ROM, a DVD or a DVR disc of, preferably, a rewritable or recordable type. 
Particularly in the field of DVR user data are stored in a special purpose zone (SPZ) or a 
Burst Cutting Area (BCA). In said zone, which is located at the most inner side of the disc, a 
"barcode" is written. The data in this barcode is protected by an ECC. Since the bit density of 
the barcode is very low only 32 bytes can be stored therein. In order to protect these bytes 
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with an ECC which has a Hamming distance of 17, i.e. which uses 16 parities, the same 
decoder as used for decoding codewords of a long distance codeword (LDC) or for decoding 
Burst Indicator Subcode (BIS) words is preferably used. 

Corresponding devices for encoding and decoding, respectively, are defined in 
claims 10 and 1 1. The invention relates also to an information carrier, in particular an optical 
recording medium, storing codevectors of an error correcting code encoded by a method as 
claimed in claim 1. Still further, the invention relates to a computer program product 
comprising program code means for performing the steps of the method as claimed in claim 1 
or 2 if said computer program runs on a computer. 



The invention will now be explained in more detail with reference to the 
drawings, in which 

Fig.l shows a block diagram illustrating the methods of encoding and 
1 5 decoding according to the present invention, 

Fig. 2 shows the generation of a codeword and a codevector used according to 
the present invention, 

Fig. 3 shows an embodiment of an encoding apparatus illustrating code 



puncturing, 
puncturing, 



Fig. 4 shows an embodiment of a decoding apparatus illustrating code 

Fig. 5 shows another codevector according to the invention, and 
Fig. 6 shows still another codevector according to the invention. 



The block diagram shown in Fig. 1 illustrates the methods of encoding and 
decoding according to the present invention. In a block generation unit 1 a first block B of a 
fixed first number of data symbols is generated. Said block generation unit 1 receives as input 
a number of user data symbols U and anumber of dummy data symbols D which are 
arranged in a predetermined order to form said block B. Said block B of data symbols is 
thereafter encoded by an ECC encoder 2 to obtain a codeword E, i.e. to obtain parity symbols 
for error correction. While conventionally said codewords E are completely used as 
codevectors, according to the present invention only a fixed portion of said codewords E is 
used as codevectors C which are stored on an information carrier 5 by a write unit 3 under 
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control of a control unit 4. Said control unit 4 controls the generation of said codevectors C 
from said codewords E, i.e. selects according to a fixed rule which symbols of said 
codewords E are used as codevectors C. 

These blocks and symbols can be seen in Fig. 2 showing a complete codeword 
E and the different portions thereof. As explained, said codeword E comprises a first block B 
ofafirst fixed number Zl of data symbols. Said data symbols comprise a fixed second 
number Z2 of user data symbols U (Ul, U2) and a third fixed number Z3 of dummy data 
symbols D. These dummy data symbols D are filled in, to achieve the fixed block length of 
said block B and can, in general, be freely chosen. Preferably they are chosen as non-zero 
values, particularly having the value FF in hexadecimal notation. The ECC encoder 2 
calculates a fourth fixed number Z4 of parity symbols P (PI, P2) resulting in an encoded 
codeword E having in total Z1+Z4 symbols. Therefrom codevectors C are generated by 
selecting a fifth fixed number Z5 of data symbols U2 and a fixed sixth number Z6 of parity 
symbols PI. Said codevectors C are then stored on the record carrier 5. 

To give a more detailed example which may be applied for storing data on a 
DVR information carrier, particularly to protect data to be stored in a barcode of the burst 
cutting area (BCA) of a DVR information carrier the first block B will be formed by 16 user 
data symbols U and 14 dummy data symbols D, thus coming to 30 data symbols of the first 
block B. The PIC and main data of a DVR information carrier include so-called BIS (Burst 
Indicator Subcode) data which are protected by a RS code with 32 parities and having a 
codeword length of 62, i.e. being protected by a (62, 30, 33) RS code. In order to be able to 
use an ECC decoder to be built for said code also for decoding the user data stored in the 
barcode of the BCA the first block B having 30 data symbols is encoded by a corresponding 
ECC encoder, i.e. an encoder for a [62, 30, 33] code, generating 32 parity symbols, resulting 
in a block length of 62 symbols of the codeword E. Since the bit density of the barcode in the 
BCA is very low only 32 symbols (bytes) canbe stored therein. Thus, according to the 
present invention, from said codeword E the 16 user data symbols U and 16 parity symbols P 
are used as codevector C and stored on the information carrier. However, in general the 
method according to the invention will also work if less user data symbols and more parity 
) symbols are combined to form a codevector C as long as the sum of said symbols is 32. In the 
embodiment shown in Fig. 2 a number Z5 of user data symbols U2, e.g. 12 user data symbols 
U2, and a number Z6 of parity symbols PI, e.g. 20 parity symbols PI, are combined into one 
codevector. 
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It should be noted that it does not matter which symbols of the U and P 
portions of the codeword E are taken and used as codevector C. Further, the position of the D 
and U portions in the codevector C are arbitrary. The positions can be swapped (first U and 
then D); the only requirement is that the positions for the U and D portions are known and 
that the values of the D symbols are known. 

During decoding the codevectors C are read from the information carrier 5 by 
a reading unit 6 and further inputted into a codeword generation unit 7. Therein the codeword 
E will be regenerated so that it has the same number and arrangement of symbols as during 
encoding. Therefore, the codeword E is filled with said third number Z3 of dummy data 
symbols D having the same value as the dummy data symbols D used during encoding. 
Thereafter the codevector C including said fifth number Z5 of user data symbols U2 and said 
sixth number Z6 of parity symbols PI are inserted at the same positions as they have been in 
the codeword during encoding. Finally, remaining portions are filled with filling symbols Fl, 
F2, i.e. a seventh number (Z71+Z72) of filling symbols Fl, F2 is filled in at positions where 
in me codeword E during encoding user data symbols Ul and parity symbols P2 had been 
located, but had not been stored on the information carrier 5. The filling of said codeword can 
preferably be achieved by sending the data thereof in the correct order to an ECC decoder 8 
adapted to decode such codewords E to obtain the original user data U comprising the user 
data symbols Ul and U2. 
) To enable the codeword generation unit 7 to reconstruct the codeword E it 

must be known to said unit 7 how the codeword E had been constructed during encoding, i.e. 
the number of dummy data symbols D, user data symbols U and parity symbols P, then- 
positions in the codeword E as well as the length of the codevector including the positions of 
symbols selected to form said codevector C have to be known to the codeword generation 
5 unit 7, e.g. have to be fixed by a corresponding standard. Also the value of the dummy data 
symbols D have to be fixed in advance. 

Reverting to the above described example for storing data in the barcode on an 
DVR information carrier, where the codevector C comprises 12 user data symbols U2 and 20 
parity symbols PI, it will be clear that 4 (Z71) filling symbols Fl and 12 (Z72) filling 
10 symbols F2 are filled into the remaining portions during decoding to form the codeword E. 

Preferably, the filling symbols are flagged as erasures so that the ECC decoder 
only requires Z71+Z72 parities to correct these errors. In the example, only 16 parities are 
needed to correct said 16 errors (filling symbols), similar to a conventional 16 parity code 
which leaves 16 parities to correct errors in the written codevector which is similar to a 
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conventional 16pari,y R S code, while without such erasure flags twice as manyparities 
would be needed for a correction. 

As alreadymentioned above the number ZSofuser data symbols U2 and the 
number Z6 of parity symbols PI used to form the codevector C are no, fixeti, hut only floe 
, sumZ^Zflofsaidnumbersisflxed.Thuaitmaytusobepoaaible.onsenonserda.a 
^bolsUanda.lpan^ S ymbolsP,i...Z4parit y sy^o 1 s,ascod.v.o,orC.Dnrmg 
flecodmg.atfhstZadupmtydatasyrnb.laD.mereafterZZfllUngsvmbolsFandfi^yZ* 

parity symbols wonld then be sent as codeword E.0 me ECC decoder toobtatntheH user 

„ Also in this case the Z2 user data symbols (erasures) can be calculated using Z2 (bemg 
smaflerm m Z4)parityay 1 nbo,sandusingmeremaini^Z4-Z2paritysymbols.ocorrec, 

errors from the information carrier. 

If a conventional 16 parity RS code is naed 16 data symbols and 16 panfles are 
nsually written on a disc. In this codeword of 32 symbols amaximum of 16 errors canbe 
» correc,^.Aocormngtomepresentinven.iona32pari WM codeisusedwhichw,Uo ff erme 
^eperformanceoffltel6pari V RScode.ttisimpor.an.tenotemataccordmg.oflte 

and can no, be decoded by a 16 parity RS decoder. When applying fine mvenhon m DVR, 
ttne encoding side a 248 symbols codeword is formed which comprises 200 dummy data 
20 symbo.s,16oserda a symbo,sand32pantys ym bo,s,i.e.a(248,2 1 6,33) R Scode K used, 
calledLDCorLongDis K noeCodeinDV R .Fromfitel6usersyn 1 bo,sand32panty 

is aoesno,ma tt erwrueh32 to mme S e48symho ls arewri,.entomsc.Onmed M odmgs,de 

gre same 248 symbol codeword is formed. The 200 known dummy data symbols are placed 
25 „nmecorrec,positionsinmec« 1 eword.Th.32svmbo.swri tt en«odiscarealsoplacedm 
the codeword and the 16 nonwriflen (and mfimovm) symbols are passefi to the decoder as 
erasures. The decoder uses 16 of the 32 purifies to ca,cn.a,eme 16 unknown symbolswhtch 
leaves 16 parities ,o corren, errors in tine 32 symbol written codevector. Thus, aperformance 

can be achieved as if a 16 parity RS code was used. 
30 Thegener«luseofcod.pmetnring,asparticnlarlydescribedmEuropean 

pa,en.applioationEP0120184l.2,thed.scriptionofwhtehishereinincorporatedby 

ofencndmganimormationwordmintoacodewordoandFig^iUnstratesmemefltodof 
decoding a possibly mutilated codeword r into an information word m. 
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As shown in Fig. 3 the information word m comprising k information symbols 
is encoded by an encoding uni.41ofan encoding apparatus 40 using an intermedin 
genem.orma.rixO'. Said intermediate generator mattixG" derives from a generator matnx 
0„hicbhasbeenselec,cdbyaselecSonmh,42asparhcmarlyexplataedmEnropeanpa.ent 
applicarionEP01201841.2.TheintermediategeneratormarrixG"islar B ern,antbe 
—rrnatrixGintha. it comprises at leas, one more column man the generam. matnx G. 
In general, the generator matrix G bask rows andncolumnswhile.be intermediate generator 
matrix C ' has k rows and n + k columns and comprises k columns with a single non-zero 
entry at mutually different positions. When using said tatermediate genemmr matnx G" for 
encodingtheinformattonwordm, intermediate codewords .having k + n symbols are 

generating unit 44 by omitting a number of symbobof said intermediate codeword t. Tberem 

of said intermediate generator mattix G" and said generator matrix G. Thus, the obtamed 
; codeword c comprises n symbols. However, it is to be noted tha, a,so G can be used dtrectly 

for encoding in the encoding apparatus instead of G". 

During decoding a possibly multilated codeword r comprising n symbols ,s 

received byadecoder as shown in Fig. 4. ma firs, Cep.be received wordris extended in«oa 

firstpseudo codeword.' by an extension nni. 50. Therein said imermedia.e generator mattrx 
0 0 --wmebbasaheadyheenusedinti n eencoderisn S ed.ode.erminemelengmefsa i dpseudo 

codeword.', i. e. the number of symbols of said psendo codeword r' corresponds to tine 
number of eolumns of said intermediate generator matiixG-.i.e.mmensymbolsoftine 
received word r k erasures are added bo obtain me psendo codeword,'. If Ghas been nsed 
direetiy fo. encoding instead of G", the psendo codeword r' equals the n symbols of tire 
25 received word rtowhichkerasu.es are added. 

Thereafter, in a replacement nni. 51 a priori known information symbols, e.g. 
mi m, m s ,a.er^acedinsaidpseudocodewordr'a«positio„sofmeerasureswbicb 
correspond to the positions of said a priori know, information symbols. This means tioa. tire 
erasures 1 5 and 6 are replaced by the a priori known information symbols m„ «,,,«. The 
30 obtainedsecondpseudoc^womr-'ismereafterinputted.oadecoderumtSiwbich.s 

preferably a known error and erasure decoder decoding said second psendo codeword r by 
use of said in.ermedia«e genera*, mattix G" into me information word m comprismg k 
symbols. 
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According to this embodiment a larger intermediate generator matrix G" is 
used compared to the standard generator matrix G. However, the advantage of this 
embodiment is that the information symbols do not need to be knownapriori in successxve 
order but any additional information symbol known a priori irrespective of the position of the 
information symbol within the information word generally leads to an enhanced rninimum 
Hamming distance compared to the code used if no information symbols are known a pnon. 

The embodiment based on code puncturing shall now be illustrated differently. 
Considered is an [8, 3, 6] extended Reed-Solomon Code C over a Galois Field GF (8) 
defined as follows. The vector c = (c.„ c 0 , c,..., <*) is in C if and only if 

c _ x = and j^cp* = 0 for 1 < j < 4 . 



Herein, a is an element of GF(8) satisfying a 3 = 1 + a. 

It can be seen that the following intermediate generator matrix G' ' generates 

15 the code C 



1 0 0 a 2 1 a 6 a 2 a 
0 1 0 a 3 1 a 3 a a 
^0 0 1 a 4 1 a 5 a 5 a\ 

The rightmost 5 columns of the intermediate generator matrix G" are used as a generator 
20 matrix G, i. e. the generator matrix G is 



1 a" 



The code generated by the generator matrix G has minimum Hamming distance 3. 
25 Knowledge of any j information symbols effectively increases the rmrrimumHarnmmg 

distance from 3 to 3 + j. 

Coming back to the present invention, in a first embodiment for useinDVR, 
as explained above with reference to Fig. 2 and as shown in Fig. 5, the codevector C may 
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comprise Z5=16 user data symbols U (Z71=0) and Z6=16 parity symbols PI. In a second 
embodiment for use in DVR, as shown in Fig. 6, the codevector C may comprise Z4=32 
parity symbols P but no user data symbols U. 

For decoding of the codevector C of the first embodiment (Fig. 5) 16 erasures 
are put on the locations of the parity symbols P2 by the decoder to reconstruct the codeword 
E, leaving Hamming distance 17 available for correcting errors and erasures in the locations 
of the user data symbols U and the parity symbols P in the codeword E. 

For decoding of the codevector C of the second embodiment (Fig. 6) 16 
erasures are put on the locations of the user data symbols U by the decoder to reconstruct the 
codeword E, again leaving at least Hamming distance 17 available for correcting errors and 
erasures in the locations of the user data symbols U and the parity symbols P in the codeword 
E. However, if a number x of user data symbols are known a priori to the decoder, these need 
not be erased by the decoder enhancing the remaining Hamming distance. Thus, the decoder 
decoding the reconstructed codeword E has Hamming distance 17+x available for correcting 
! errors and erasures in the locations of the user data symbols U and the parity symbols P in the 
codeword E. 

User data symbols can, as an example described in European patent 
application EP 01201 841 .2, be known a priori to the decoder if much of the header 
information of a current sector can be inferred from the previously read sectors and the table 
0 of contents, or from the knowledge where the reading or writing head will approximately 
land. A possible application is thus in the field of address retrieval on optical media. 

It should be noted hat the encoding procedure of said second embodiment 
is similar to the embodiment described above with reference to Figs. 3 and 4. Therein a 
kx(n+k) matrix G"=(I,G) is used, where I is the kxk identity matrix, and G a kxn 
!5 generator matrix. Since the standard [62,30,33] RS code used according to the present 
invention is a systematic code, its 30x62 generator matrix G^dard can be written as 
Standard -CUP'). ***** * e 30x32 matrix P' denotes the parity part of the matrix G sta ndard. 
Encoding of the dummy data symbols D corresponds to using the upper 14 rows of 

while encoding of the user data symbols U corresponds to using the lower 16 
30 rows of G M Because the dummy data symbols D are known at the decoder, it can be 
reconstructed free of errors at the decoder. Conceptually, the contribution of the dummy 
data symbols D to the parities P is also known at the decoder and can be subtracted from 
the parity symbols P to obtain intermediate parity symbols P", which then only depend 
on the user data symbols U. 
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The bottom 16 rows of G s tandard form a 16x62 matrix of which the first 14 
columns are all-zero. 



The matrix Ii6 corresponds to the systematic reproduction of the user data symbols U in 
the codeword E which is not transmitted. The matrix P'i6x32 corresponds to the part of 
the parity part P' of G sla ndard that effectively generates the parities corresponding to the 
user data symbols U. In terms of the embodiment shown in Figs. 3 and 4, the 
10 equivalence is given by (I,G)=( Ii6, P' 16x32)- 



priori known user data symbols by the decoder can also be applied if the codevector C is 
not formed exclusively by parity symbols as shown in Fig. 6, but also if the codevector C 
consists of a number of user data symbols, but not all user data symbols, and a number of 
15 parity symbols. 



described embodiment or to encoding or decoding of data to be stored on a DVR information 
carrier. The invention is generally applicable in any kind of technical field where different 
kinds of data shall be encoded using more than one error correcting code having different 
20 numbers of parities, particularly in any new optical, magnetic or mobile communication 
standard. The invention can also be applied to any kind of information carrier, be it a read- 
only, recordable or rewritable information carrier for storing any kind of data in any area of 
such an information carrier. In addition, the codevectors need not necessarily be stored but 
can also be transmitted over a network or a transmission line. 




It should be noted that the advantageous effect of using a number of a 



It should be noted that the present invention is not limited to the above- 



